The example of ground cover shrubs' arrangement in Niepodległości Avenue in 2004 and 2015 Source: Drawn by T. Swoczyna A -wide planting beds, B -narrow planting beds, C -road-side planting beds figure 2 Total ground cover shrubs' survival in three types of planting beds. Survival rate according to Rehder 'Hancock' , Weigela florida (Bunge)A.DC. 'Nana Variegata' . Shrubs were maintained due to procedures accepted by ZOM (watering, fertilising, weeding). In August 2015, the inventory and evaluation of plant survival was proceeded. Every patch was given a number and for each one the rate of plant survival was evaluated, according to a scale given in Table 1 .
In the beginning of September 2015, soil salinity in planting beds was measured. Soil samples were collected from wide beds and road-side beds, 1 m from the road edge, and from the middle line of narrow beds, each at 0-0.2 m depth. Three replications from each type of planting beds and an additional sample from lawn area of a neighbouring park were taken for laboratory analyses. The electrical conductivity of soil was measured using a CX-551 multifunction meter (ELMETRON Sp. j., Zabrze, Poland).
For statistical analysis, KruskallWallis test was performed using STATISTICA 10.0 software (StatSoft, Inc., Tulsa, OK, USA).
The species arrangement in all planting beds changed during 11 years. In many patches, plants were totally lost, especially in road-side planting beds (Figure 1 and 2) . The survival of shrubs in road-side planting beds was significantly lower than in wide and narrow beds (p = 0.000 and p = 0.042, respectively).
Soil salinity expressed as electrical conductivity (EC) was higher in the results and discussion close vicinity of the road edge (Table  2) . Although the measurements were done in the end of the growing season, the salt deposition in road-side soils still remained very high. This may explain the poor survival of road-side shrubs. According to Marosz and Nowak (2008) , EC values exceeding 2 mS cm -1 seriously affect young trees. In woody plants, de-icing salts are accumulated in tissues and prove to cause severe injuries after long-term exposition to salt stress (Pracz, 1990; Cekstere et al., 2008) . Harmful impact of soil salinity consists both in accumulations of toxic ions in plant tissues and in osmotic limitations to water absorption by roots. Additionally, restricted soil volume supported to urban trees is often responsible for water scarcity which affects urban trees (Sieghart et al., 2005) . In our research the restricted soil volume in the road-side planting beds might have precluded water storage in soil and, consequently, could have shifted detrimental effect of soil salinity. Although the soil salinity in the wide planting beds was similar compared to the road-side beds, the shrub survival rates in wide beds were higher. Presumably, the enlarged area of planting beds enabled better water accumulation in soil and this could have moderated the effect of the high soil salinity. The survival rates of particular species and cultivars show some differences between the taxa. The number of experimental plots, i.e. patches, does not allow conducting successful statistical analysis. However, the insight into species-specific survival rates gives some suggestions on individual species durability in road-side environment. The results showed that the most resistant species were Spiraea × cinerea 'Grefsheim' , certain cultivars of Spiraea japonica, Rosa rugosa and Ribes alpinum 'Schmidt' (Table 3) . Salt tolerance of Spiraea × cinerea 'Grefsheim' was confirmed by Marosz (2004) . He also found Potentilla fruticosa and Cotoneaster horizontalis to be salt resistant, however, in our examination no specimens of these species survived in road-side planting beds. Taking into account drought stress, Percival & Sheriffs (2002) classified Spiraea japonica 'Shirobana' as a droughtsensitive taxon. On the contrary, they found Hedera helix and Mahonia aquifolium to be tolerant. The discrepancy between Marosz's, Percival & Sheriffs's and our results indicates that in road-side environments a complex of abiotic stress factors creates a specific pattern of plants' reactions. Laboratory experiments may indicate the resistance to some particular stress factors applied in a given time. Observations in situ allow evaluating plant ability to cope with a complex of stress factors affecting plants during their whole life span. This ability includes also recovery potential which is connected with the type of growth, for example, the ability to sucker. In our examination Sorbaria sorbifolia was the only species with markedly enlarged area (Figure 1) , however, there was the only patch filled with Sorbaria sorbifolia. Thus, we cannot conclude whether this species is able to cope with road-side stress.
The opinions on the tolerance of shrub species to urban and road-side conditions are mostly based on individual observations. Therefore, scarce publications give only some general information on taxa which are appropriate for urban planting (Borowski & Latocha, 2006) . This examination confirms some of Borowski & Latocha's opinions on Cotoneaster ssp. susceptability. Contrary to that, Symphoricarpos × chenaulti 'Hancock' appeared to be tolerant enough in road-side conditions. Surprisingly, Berberis thunbergii which is considered to be tolerant enough to drought revealed to be susceptible in road-side environment.
Conclusions
Road-side environments harmfully affect ground-covering shrubs. The list of species which can cope with environmental stress caused by heavy traffic is limited and includes Spiraea × cinerea 'Grefsheim' , some cultivars of Spiraea japonica, Rosa rugosa and Ribes alpinum 'Schmidt' . The highest mortality of shrubs occurs in planting beds situated in close proximity to roads. In order to increase the durability of ground cover shrubs the designed and established planting beds along streets should have greater area (exceeding 3 m width).
